The electrocardiogram in atrial septal defect is of great value, not only in the diagnosis but also in the assessment of the severity of the lesion. The pattern that has been designated "incomplete right bundle-branch block," though not present in every case nor by any means pathognomonic of the condition, is nevertheless frequently noted. Before describing the changes in the electrocardiogram following closure of the defect, we will discuss briefly the cardiogram before operation, the criteria of analysis, and the nomenclature that we use instead of incomplete right bundle-branch block. The material consists of 100 consecutive patients submitted to operation, ranging in age from ten months to 45 years. The surgical results have been fully reported elsewhere (Swan et al., 1959) .
Evaluation of the QRS complex offers the greatest aid in diagnosis. The QRS duration was 0 10 sec. or less in 87 patients, 011 sec. in 10 patients, 0 12 sec. in 2 patients, and 0*15 sec. in 1 patient. The mean QRS axis was usually vertical or rightward. True right axis deviation (more rightward than + 1000 on the triaxial reference system) was present in 81 per cent of the cases.
The terminal QRS vector points rightward and anteriorly, giving an S in lead I, a terminal R in AVR, a terminal R' in V3R and VI, and an S wave in V5 and V6. The QRS pattern in VI may take several forms, and these are described as follows.
QRS Patterns in V3R and VI (a) rSr' (Crista supraventricularis pattern). This pattern, shown in Fig. la , is a normal finding in children and occasionally in adults. In atrial septal defect it may be due to slight hypertrophy in the region of the crista supraventricularis, and is the expression of the mildest degree of derangement.
( The principles concerning the terminal vector abnormality that produces the various patterns seen in the right precordial leads have been expounded (Blount et al., 1957) , and constitute the basis for the evaluation of the pre-operative electrocardiograms of the 100 patients. The "crista pattern" was seen in 7 patients, the right ventricular outflow tract hypertrophy pattern (R.V.O.H.) in 65, and right ventricular hypertrophy (R.V.H.) in 28 patients. Fig. 2 shows the relationship between the pulmonary arterial pressure and the patterns described above. There is an overlap between the groups, as would be expected when there is such a wide age range, but on the whole the incidence of the more severe right ventricular hypertrophy patterns increases as the pulmonary arterial pressure rises. 3 shows the height of the R' in Vl plotted against the mean pulmonary arterial pressure, and the same trend is noted. As shown in Fig. 4 , this does not happen when the pulmonary artery blood flow is plotted against the height of the R' in V3R or VI. This might be expected, since the expression for flow does not take into account the level of the pulmonary resistance. Since pressure is the product of flow and resistance, it would be expected to be related to the work of the right ventricle and hence the degree of hypertrophy. 
CHANGES AFTER OPERATION
Concomitant with the postoperative diminution in the size of the right atrium, the P waves in most patients decrease in size. The P-R interval also shortens in many patients. Atrial flutter appeared after operation in 6 patients, and proved permanent and refractory to therapy in three of these six. However, this complication leads to difficulties only if the ventricular rate is inadequately controlled. Atrial fibrillation is a common accompaniment of hypothermia and disappeared in all patients after re-warming.
QRS Complex. The most significant postoperative changes are in the QRS complex. The mean electrical axis moves towards the left. The S wave in lead I diminishes, as does the R in AVR, the R' in V3R and VI, and the S in V5 and V6. Fig. 6 illustrates three of the types of QRS complexes that are described above. The uppermost is the rR' pattern with the R' measuring 16 mm. The middle complex was recorded one week after operation and shows the rsR' pattern. The lower complex, taken six months later, shows the rSr' pattern. These complexes represent a regression in the degree of right ventricular hypertrophy or dilatation occurring following surgery.
It must not be assumed, however, that such a rapid change is usual after operation. The electrocardiograms shown in Fig. 6 are exceptional in this respect. The tracing taken a few days after operation not infrequently shows a temporary increase in the height of the R' in V3R or VI, particularly if there are pulmonary complications. Within two months, however, definite changes are observed and then further regression may be noted for years after operation. Fig. 5 In Fig. 8 it can be noted that the wide QRS complex of pre-operative complete righL bundlebranch block has persisted, although it is apparent that the height of the R' has decreased. In this series the two patients with complete right bundle-branch block before operation showed no change in this conduction defect following successful closure of the defect, despite manifest improvement in all other respects.
It is apparent that the most constant and significant post-operative change is the decrease in voltage in the R'in Vl. Fig. 9is agraph in which the amplitude of the R'in Vlbefore operation is plotted against the amplitude after it. In the rectangle to the left, the height of the R' in VI is recorded in 91 patients before operation. The general fall in the height of the R' in VI is readily apparent. When this method is applied to individual patients, the values of the R' in VI are found to lie on remarkably smooth curves, as illustrated in Fig. 7 . The lower curves show the usual fall, and it is seen that the changes are most rapid during the first six months after operation, and thereafter become more gradual. The two upper curves will be discussed later.
DISCUSSION
It is again emphasized that the rSR' pattern seen in V3R and VI is probably due to dilatation and/or hypertrophy of the right ventricular outflow tract rather than any interruption of conduction in the right bundle branch. Thus, the term right ventricular outflow tract hypertrophy is considered more appropriate than the term incomplete right bundle-branch block that has been used so frequently in the past.
Following successful closure of the atrial septal defect, the diastolic overloading of the right ventricle is removed. Right ventricular dilatation is diminished and there is regression of the right Above: (2/12/54) shows the "right ventricular hypertrophy" pattern in V3R. Operation was on 9/12/54. In middle: (16/12/54) the "right ventricular outflow tract hypertrophy" pattern. Below: (27/6/55) the "crista" pattern. ventricular outflow tract hypertrophy. Because ofthese changes the R' in VI decreases in magnitude and the mean QRS axis moves leftward.'
It is not surprising that the postoperative changes should be graphically expressible by smooth curves, for at operation the abnormal hlmodynamic situation is suddenly corrected. The electrocardiogram is an accurate method, with the great merit of reproducibility, for the assessment of these changes.
When this cardiographic pattern of regression fails to occur, the reason must be explained. The upper two curves in Fig. 7 If this electrocardiographic regression is not obvious within four months after operation, in the absence of complicating factors, then the atrial septal defect is probably not completely closed. This regression occurred in all patients whose atrial septal defect was proved to be closed by clinical evaluation and cardiac catheterization. In all cases where regression did not occur, a good reason was found.
SUMMARY
The assessment of the electrocardiograms in atrial septal defects before and after operation is discussed.
The changes after operation are described. Diminution in the height of the R' wave occurs in all successful cases, most rapidly in the first six months and more gradually thereafter. Changes may continue for at least five years after operation.
The rate at which regression takes place is described, and it is pointed out that the values for the R' in VI lie on a smooth curve.
If, in the absence of pulmonary complications, this regression is not apparent within four months after operation, it must be questioned whether the defect has, in fact, been closed.
